Background: This is the first study to use meta-analysis as a scientific technique to provide an integrated analysis of the effectiveness of music intervention in cancer patients. Objectives: The purpose of this study was, using the meta-analysis method, to present a summary of existing research and explore the effectiveness of music intervention in ameliorating anxiety, depression, pain, and fatigue in cancer patients. Methods: The present study collected quantitative study designs sought of music intervention for cancer patients published from 2002 to 2012.
chose the music. Implications for Practice: Our findings provide important information for future music-intervention planners to improve the design and processes that will benefit patients in such programs. I n the past 30 years, cancer has been the leading cause of death in Taiwan. 1 Furthermore, cancer continues to be 1 of the most important public health issues worldwide. 2 Cancer is clearly a health issue that cannot be ignored.
Physical and psychological symptoms are common in cancer patients, especially pain, fatigue, anxiety, and depression. 3Y5 The American Cancer Society indicates that more than 30% of cancer patients experience marked anxiety. 6 Common treatments for psychological symptoms include psychological support, relaxation training, meditation, medication, and music treatment. Among these, music therapy has been widely recommended as a complementary therapy for cancer patients in clinical settings.
Music Intervention
The American Association of Music Therapy defines music therapy as ''the clinical and evidence-based use of music interventions to accomplish individualized goals within a therapeutic relationship by a credentialed professional who has completed an approved music therapy program.'' Music is an auditory composition of pitch, speed, rhythm, and volume. Thus, music therapy can be described as treating psychological needs with the sounds and rhythms of music. Music therapy may include diverse activities such as music composition, singing, and listening. The design of music interventions is affected by the music style, choice of musical instruments, therapist's style, and patient characteristics. Commonly used methods are active-passive therapy and individual-group therapy. 7 There are 4 major categories of music therapy: appreciation, recreation, improvisation, and creation. 8 Not only can music therapy improve a subject's quality of life, it is also effective in adjusting to pressure, relieving pain, expressing feelings, enhancing memory, improving communication, facilitating physiological rehabilitation, and achieving a harmonic state of body, mind, and spirit. 9 Furthermore, music interventions can be applied to patients with various diseases.
Application of Music Interventions in Cancer Patients
Originally used to enhance sleep and reduce preoperative anxiety in cancer patients, music interventions are now used to reduce pain, mental stress, and physical discomfort from chemotherapy. Music interventions help patients express and release emotions through actual interaction with music. 10 In recent studies applying music interventions to reduce anxiety, the most commonly used assessment tools are the Hospital Anxiety and Hamilton Anxiety Scale, the Hospital Anxiety and Depression Scale, and State-Trait Anxiety Inventory (STAI). In a study by Li et al 11 on breast cancer patients undergoing radiotherapy, a music intervention significantly reduced anxiety (mean difference, j4.57; 95% confidence interval [CI], j6.33 to j2.82; P G .0001). Com-pared with standard care alone, music interventions significantly reduced anxiety in cancer patients (mean difference, j11.20; 95% CI, 19 .95 to j2.82; P = .009). 12 The most commonly used tools in recent studies evaluating the effects of music interventions on depression are the Hospital Anxiety and Depression Scale and the Zung Self-rating Depression Scale. Music interventions significantly ameliorated depression in women with breast cancer receiving radiotherapy (P G .001) 13 and ameliorated depression in children with cancer (negative states average G2.5/10). 14 The Present Pain Intensity, Pain Numeric Rating Scale, the Faces Scale, and a visual analog scale were the most commonly used tools to evaluate pain in recent music intervention studies. Madden et al 15 reported that a music intervention significantly reduced pain in children with brain cancer. Music interventions significantly reduced pain in cancer patients than in those not receiving a music intervention (r = 0.45; 95% CI, 0.23Y0.63; P G .0001). 16 The most common assessment tools used in recent music therapy literature for fatigue evaluation are the Profile of Mood States and the Functional Assessment of Chronic Illness TherapyY Fatigue scale. Compared with standard care alone, music interventions significantly reduced fatigue in leukemia patients receiving chemotherapy (P G .001) 17 or stem cell transplants (Profile of Mood States: music group, from 6.4 to 4.3; control group, from 5.8 to 5.2; P = .02). 18 Ferrer 19 also found that besides reducing anxiety and fear, familiar live music also significantly reduced fatigue in cancer patients who underwent chemotherapy (P = .001).
Anxiety, depression, fatigue, and pain have been found to be particularly amenable to be the effects of music interventions. There is a growing body of research documenting the benefit of music interventions in reducing emotional responses and physical symptoms in patients with cancer. 3, 11, 17, 19 Recently, Bradt et al 12 and Zhang et al 20 conducted a systemic literature review and meta-analyses on music intervention for cancer patients. The differences between and distinctive characteristics of existing studies were the rationale for our analysis. The gold standards for evaluating effects of interventions are true and quasi-experimental studies, whereas Bradt et al 20 included more nonYrandomized controlled trials in the systemic review. Besides, according to Grading of Recommendations Assessment, Development, and Evaluation working group criteria, the quality of evidence of the results of Bradt et al 12 is low in 3 categories (anxiety-STAI, pain, and heart rate) and very low in the other 4 (anxiety-non-STAI, systolic blood pressure, diastolic blood pressure, and quality of life). They concluded that most trials are at high risk of bias and the results should be interpreted with caution. In their meta-analysis, Zhang et al 20 included studies published after 1966 and explored the overall effect size only. With the recent advance of research methodology and the development of structured guidelines (eg, Consolidated Standards of Reporting Trials statement in the mid-1990s), clinical trials published more recently are of higher quality in general. Analyzing earlier trials more than 2 decades ago could increase the heterogeneity and affect the quality of the meta-analyses. Furthermore, neither Bradt et al nor Zhang et al  performed subgroup analysis on the relationship between study  characteristics and effect sizes. Therefore, the purpose of the present study was to perform a meta-analysis on reliable and valid true or quasi-experimental studies published between 2002 and 2012 on the effect of music intervention in cancer patients. It was hoped that the present study could provide deeper insight into (1) the effect size of music therapy on the cancer patients' anxiety, depression, pain, and fatigue outcome variables; (2) how different variables (study design and method, therapy, therapist, and participant characteristics) affected the effect size and if any variable has a greater effect by using subgroup analysis; (3) whether a continuous variable was a significant predictor factor by using meta-regression; (4) and the quality and publication bias of those studies and the impact on effect size. n Materials and Methods
Search Strategies
The review was guided by the protocol proposed by Cochrane Collaboration Guidelines. 12 Using Medical Subject Headings for topics on music therapy and cancer patients, we searched the OVID system, the EBSCO Host system (which contains databases such as the Cochrane Library, Medline, PubMed, CINAHL, ProQuest, SCOPUS, PsycARTICLES, and PsycINFO), the International Index to Music Periodicals, and Google for experimental or quasi-experimental quantitative studies on this topic. The key words and strategies used in literature search were Exp Neoplasms, cancer OR neoplasm OR malignant OR carcinoma OR tumor, and music OR melody. In total, 367 studies were eventually identified ( Figure) .
Selection Criteria
By consulting other meta-analyses 21Y24 and its own objectives, inclusion criteria for the present analysis were derived: (1) published between January 2002 and December 2012 in any language; (2) used music therapy as an intervention in cancer patients; (3) used quantitative methods to assess results; (4) used quasi-experimental or experimental designs in which music therapy was an experimental intervention and regular care or activities were used as controls, excluding other interventions; (5) reported statistical information sufficient to describe the results of music therapy, such as means, standard deviations, mean differences, sample sizes, t values, f values, or P values for an effectsize analysis; and (6) evaluated the effects of music intervention on anxiety, depression, pain, or fatigue. Qualitative studies, duplicate publications, and single cases or single-group experimental studies were excluded. In total, 21 studies were eventually identified ( Figure) . 
Data Extraction
To ensure a reliable analysis and prevent subjective sampling errors, 2 analysts independently handled 2 stages of data abstraction: inclusion of studies and recording the variables of key study characteristics. When basic data were analyzed, we grouped items if they were similar. We deleted certain outcomes (quality of life and physiological) or characteristic variables (gender, frequency of therapy, and theory) if they did not appear in most articles. Consequently, we summarized intervention characteristics (music selection, therapy form, therapy type, group size, therapy time, and nature of the control group), participant characteristics (eg, mean age, diagnosis, and patient setting), and therapist characteristics (treatment provider) for all included characteristics ( Table 1 ).
Analytic Approach
1. In this study, outcome variables were sorted according to their property so several effect sizes on different outcomes were obtained, rather than a single effect size per study. 2. We calculated the average effect size of a single variable as the analytic unit for overall effect size.
Quality Assessment
This study adapted Cochrane Collaboration Guidelines' study quality assessment tools as described in a study by Brodaty et al. 25 The quality assessment table included 5 aspects: study design, study subjects, outcome measurement, statistical analysis, and study results (Table 1) . Studies with a total score of 6 or more out of 10 were included in our meta-analysis. Agreement between raters was assessed with the . statistic. In case of inconsistencies, the researcher and the collaborative rater further discussed the issue to reach a consensus. In terms of reliability, the . value between the researcher and other expert was found to be 0.90.
Risk of Bias across Studies
Publication bias occurs as editors tend to accept and publish studies that report significant results. We used a funnel plot and the Egger regression intercept to examine publication bias. Publication bias is unlikely if the funnel plot appears as a symmetrical inverted funnel shape and the Egger regression intercept, as determined by the P value, was 9.05. In the presence of a potential publication bias or file-drawer effect, the funnel plot would be symmetrical and the P value of the Egger regression intercept would be G.05. A further search for missing studies was recommended. 26, 27 A sensitivity analysis was also conducted to examine whether the overall effect size had been unduly affected by a single study.
Data Synthesis and Statistical Analysis
In this study, comprehensive meta-analysis software version 2 (Biostat, Englewood, New Jersey) was used to calculate effect sizes and systemic analysis. We used Hedges g as the measure of the effect s i z e : g ¼
where SD pooled is the pooled standard deviation between the experimental and control groups, SD E is the standard deviation of the experimental groups, and N E and N C are the respective sample sizes of the experimental and control groups. The pooled standard deviation, SD pooled , was used to standardize betweengroup difference in average values. Hedges and Olkin 28 referred to this unbiased estimator, Hedges g, as Cohen d, but it is not the same as Cohen d. The exact form for the correction factor, J, involves the gamma function: g = J Â d, J ¼ 1j 3 4dfj1 . Homogeneity was assessed with Cochrane Q. The presence of homogeneity (a nonsignificant Q value) suggests that betweenstudy differences result from sampling errors. The absence of homogeneity between effect sizes (a significant Q value) suggests that between-study differences cannot entirely be attributed to sampling error but that other factors might be in effect, and further analysis of potential influences is required. Higgins and Thompson 29 proposed a tentative classification of I 2 values with the purpose of helping to interpret its magnitude. Thus, percentages of around 25% (I 2 = 25), 50% (I 2 = 50), and 75% (I 2 = 75) would mean low, medium, and high heterogeneity.
Additional Analyses
To understand the influences of characteristics of music therapy on the effect size and categorical variables, we used a subgroup analysis to identify characteristics that led to a more prominent outcome. Variables were examined with the mixed-effects model, which is a concept that covers the fixed-effect model and the random-effect model. After stratification, subgroups could have a sample size of 5 or smaller. In the subgroup analysis, when Q B is significant, the variable is believed to have an effect on effect size and may be a moderator variable. In the present study, we performed a subgroup analysis and meta-regression analysis to determine any potential moderating variables.
n Results
Selection and Characteristics of Studies
In total, 21 studies were included in the outcome assessments. Outcome assessments included 17 studies that assessed anxiety, 8 that assessed depression, 6 that assessed pain, and 5 that assessed fatigue outcomes. The age of participants ranged from 8 to 57 years. The studies had quality scores of 6 to 7. Intervention characteristics were as follows: (1) the group size was mostly individual (16/21); (2) music selection was mostly by patients (17/21); and (3) music therapy type was mostly passive (13/21) ( Table 1) .
Effect Sizes for Anxiety, Depression, Pain, and Fatigue Outcomes
Overall, the results of effect sizes revealed that music therapy significantly reduced anxiety, depression, pain, and fatigue in cancer patients (Table 2) . Seventeen studies on anxiety were included in our analysis, and the results showed that music therapy moderately but significantly reduced anxiety, with an overall effect size of j0.553 (95% CI, j0.716 to j0.398; Table 2 ). The effect size of each study was negative, meaning that the presence of music therapy was associated with reduced anxiety (Hedges g = j0.073 to j1.215; Table 3 ). There was heterogeneity between samples and effect sizes (Q = 29.295, P = .02, I 2 = 45.383%). A symmetrical funnel plot and the P value of the Egger regression intercept (.90) suggested no publication bias. 27, 29 The sensitivity analysis indicated that removal of any study from the study pool did not affect the overall result.
The 8 studies on depression had an overall effect size of j0.510 (95% CI, j0.681 to j0.340; Table 2 ), suggesting that music therapy moderately and significantly reduced depression in cancer patients. The effect size for each study had a negative direction with Hedges g (range, j0.151 to j0.787; Table 4 ). There was homogeneity among studies (Q = 8.621, P = .28, I 2 = 18.806%). The symmetrical funnel plot combined with the P value of the Egger regression intercept (.19) 27, 29 suggest no publication bias. Removing any study from the analysis did not affect the result.
Six studies on pain were included in our analysis, with an overall effect size of Hedges g = j0.656 (95% CI, j1.016 to about j0.295; Table 2 ), indicating that music therapy moderately but significantly reduced pain. The effect size for each study had a negative direction, with Hedges g ranging from j0.054 to j1.180 ( Table 5 ). The heterogeneity of the studies (Q = 14.313, P = .01, I 2 = 65.066%) could have resulted from sampling error, differences in study designs, or other factors. There was no publication bias as suggested by the symmetrical funnel plot and the P value of the Egger regression intercept (.72). 27, 29 Removing any study from the analysis did not affect the result, as shown by sensitivity analysis.
The effect size of each of the 5 studies reporting results for fatigue had a negative direction, with Hedges g ranging from j0.036 to j0.987 ( Table 6 ). The overall effect size was small (Hedges g = j0.422; 95% CI, j0.669 to j0.175; Table 2 ).
There was homogeneity among samples (Q = 5.597, P = .23, I 2 = 28.528%). The funnel plot was symmetrical, and the P value of the Egger regression intercept was 9.5 (.55), 27, 29 suggesting no publication bias. Again, the sensitivity analysis indicated that removing any study from the analysis did not affect the result.
Subgroup Analyses of Anxiety, Depression, Pain, and Fatigue Outcomes
Subgroup analyses demonstrated a remarkable relationship between age, music preference, and the effect size for anxiety. It was significantly larger in adults than in children or adolescents (Hedges g = j0.606 vs j0.068; P G .001 vs P = .748). Absence of homogeneity was statistically significant (P = .02), suggesting that heterogeneity might have been a result of age. The effect size was greater when music was chosen by patients rather than by researchers (Hedges g = j0.631 vs j0.322). Again, patients' preference had a greater effect on outcome indicators than did that of the researchers (P = .04). Subgroup analyses were conducted on other outcomes, and none of them was statistically significant (Tables 7 and 8 ).
n Discussion
The aim of this study was to determine the effectiveness of music therapy in ameliorating anxiety, depression, pain, and 
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Cancer Nursing TM , Vol. 37, No. 6, 2014 n E47 fatigue in cancer patients according to Cohen's guidelines (d values of 0.2Y0.4 indicating a small effect size, 0.5Y0.7 indicating a medium effect size, and Q0.8 indicating a large effect size). This study adopted the Cochrane Collaboration Guidelines' study quality assessment tools to evaluate the quality of studies. Only studies published within the last decade with a total score of 6 or more out of 10 were included in our metaanalysis. Therefore, the quality of studies in our analysis was higher than that of Bradt et al. 12 Our meta-analysis showed that music interventions were moderately ameliorating cancer patients' pain, anxiety, depression, and fatigue.
Comparison of Outcome Variables
Music therapy reduced cancer patients' pain, corresponding to the reports by Bradt et al 12 and Zhang et al. 20 Music interventions can stimulate the release of endorphins into the bloodstream. 30 In addition, they can also divert cancer patients' attention and thereby reduce pain.
In this study, the effect sizes of music therapy had a significantly negative medium effect size on anxiety in patients with cancer, which was consistent with previous studies. 31, 32 A review by Bradt et al 12 in 2011 also found a medium or greater effect size of music therapy on anxiety, which corresponded with our results. Therefore, music interventions help relax patients and further reduce their anxiety throughout the treatment course.
This meta-analysis showed that music interventions had a small, negative effect size on fatigue in cancer patients, consistent with the review by Bradt et al. 12 This suggests that music therapy may have limited use in alleviating fatigue in cancer patients.
Our analysis of 8 trials revealed that music interventions had a significantly negative medium effect size on depression in patients with cancer. Similar effects had been shown in breast cancer patients after surgery and in pediatric cancer outpatients. 13, 14 Recently, Zhang et al 20 meta-analyzed 7 moderate-quality studies and demonstrated that music reduced depression. However, there were no effects of music therapy or music medicine on depression in the study by Bradt et al. 12 Such inconsistency could be caused by the limited numbers and quality of studies included.
Overall, our findings and those of others suggest that cancer patients experiencing pain and depression can significantly benefit from music therapy, in addition to relieving anxiety.
Subgroup Comparisons
Participants' characteristics, therapists' characteristics, and advancement of study design and intervention protocol over the past decade may account for differences in the effects of music interventions. The results of subgroup analyses indicated that factors such as age, gender, culture, education, and interests should be considered when planning music intervention. Patients should be allowed to decide on the listening time and method. Age had a significant impact on the effectiveness of music intervention in reducing anxiety, with adults benefitting more than children and adolescents. Furthermore, the person who selected the music was also a confounder. Music selected by patients had a better effect size compared with that selected by researchers.
There are some limitations to the present study. First, because of a restriction in length and data display, statistical analyses in individual studies were often incomplete or inconsistent in format. After stratification, the number of studies in each variable subgroup was even smaller. When that occurs, studies with small sample sizes may or may not be representative of the overall effect of the subgroup.
n Conclusions
Our study confirmed that music interventions can reduce anxiety, depression, pain, and fatigue in cancer patients. The results of subgroup analysis suggested that music interventions were more effective in adults than in children and adolescents and were more effective when patients, rather than researchers, chose the music. The results of the moderator analysis that empirically supported treatments can be implemented in the clinical setting. Through these research efforts, advocates will be able to use the data to support the use of music interventions in the clinical setting and allow more patients with cancer to benefit from this service.
For patients with cancer, medication alone is insufficient to correct patient's anxiety, depression, pain, and fatigue. The implication of the study is that music interventions can be a good nonmedication therapy to reduce anxiety, depression, pain, and fatigue in clinical settings. Our findings provide important information for future music group planners to improve the design and process to better benefit patients throughout these programs. A better understanding of the factors that influence the effectiveness of music interventions in patients with cancer can serve as a knowledge base for successful research design in the future.
